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(54) Dicing substrates 

(57) A laser beam 3 is converged by a lens 4 and focused at a predetermined place O above the surface of a 
substrate 1 to be diced. A flow of assist gas Go, having a certain constant pressure supplied from a gas intake 
6 surrounds the laser beam 3, As the laser beam 3a is defocused, the beam spot diameter S is expanded and 
its energy distribution is moderated. And as the gas is blown off on the substrate 1 at constant pressure, such 
moderation is facilitated and expanded, generation of strains due to themnal deformation is suppressed and 
the substrate is cut by crack propagation. 
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At least one drawing originally filed was infomial and the print reproduced here is taken from a later filed formal copy. 
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FIG. 1 PRIOR ART 
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FIG. 2 PRIOR ART 
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METHOD AND APPARATUS FOR DICING A SUBSTRATE 



This invention relates to a method and an apparatus for 
dicing a substrate ^ and more particularly tOr a method and an 
apparatus for dicing a substrate by a laser beam irradiation 
process. 

These days, the development of devices in which electronic 
circuits, optical circuits etCo are provided on a substrate r such 
as glass material, saagnetic material, semiconductor material, or 
dielectric material substrate, has bson activated c Prom several to 
several thousand devices are formed in, and/or on a surface or back 
sid© o£ the substrate, so that it laust be diced, i.e. be cut and 
divided into each pieces of the devices at the final step of the 
process » 

& conventional method for dicing a substrate comprises 
setting a substrate on a stage by a vacuum system, irradiating a 
laser beam, such as COa (carbon dioxide) laser beam/ on the 
substrat<^ with blowing off gas using a guide, and moving the stage 
so that the laser beam is irradiated to follow a track for dicing, 
wherein the laser beam is focused at a surface of the substrate. 

In the conventional mtJiod for dicing a substrate, however, 
there is a disadvantage in that reany undesirable micro-cracks due to 
thermal deformation stress happen to occur on a surface, a back 
said or a diced plane of the substrate. Therefore, the surfaces cf 
the diced planes are not flat- Another disadvantage is that it is 
difficult to dice the substrate closely following the tracks on 
which the laser beam is irradiated. 
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Accordingly, it is an object of the invention to provide a 
method and an apparatus for dicing a substrate by which generation 
of undesirable micro-cracks is avoided. 
5 It is a further object of the invention to provide a method 

and an apparatus for dicing a substrate by which diced planes of the 
substrate is flat. 

It is a still further object of the invention to provide a 
method and an apparatus for dicing a substrate by which the 
substrate are diced closely iollowing the tracks on which the laser 
beam is irradiated. 

According to the first feature of the invention, a method 

for dicing a substrate, 

generating a laser beam; 
15 flowing a gas by which the laser beam is surrounded ; 

moving a substrate relatively against the laser beam; and 

dicing the substrate by irradiating the laser beam; 

wherein the laser beam is focused above the substrate at a 

predetermined distance so that a defocused laser beam is irradiated 
20 surface of the substrat:e, and a pressure of the gas is kept 

constant. 

According to the second feature of the invention, a method 
for dicing a substrate, comprises: 
generating a pulse-oscillation laser beam; 
25 irradiating the pulse-oscillation laser beam at one side of a static 

substrate without a gas flow so as to generate an initial crack? 
generating a continuous wave-oscillation laser beam; 
flowing a gas by vAiich the continuous wave-oscillation laser beam is 
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surrcDunded ; 

moving the substrate relatively against the continuous wave- 
oscillation laser beam; and dicing the substrate by Irradiating rhe 
continuous wave-oscillation laser bean so as to develop the initial 

5 

crack into break; 

wherein the laser beam is focused above said substrate at a 
predetermined distance so that a defocused laser beam is irradiated 
on the surface of rhe substrate, and a pressxire of the gas is kept 
constant. 

10 

According to the third feature of the invention # a method 
for dicing a substrate, comprises: 
generating a laser beam; 

flowing a gas by which the laser beam is surrounded ; 

moving a substrate relatively against the laser beam with a 

15 

prede-cermined inclined angle; and 

dicing the substrate by irradiating the laser beam; 
wherein t,he laser beam is focused above the substrat.e at a 
predetermined distance so that a defocused laser beam is irradiated 
on the surface of the substrate i and a pressure of said gas Is kept 

20 

constant. 



The invention will be explained in more derailed in 
conjunction with the appended drawings, wherein: 

FIG. 1 is a plane view showing a substrate with electronic 
circuits to be dicud by a conventional method for dicing the 
sxibstratSf 

FIG. 2 is an explanatory view showing a conventional 
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apparatus for cutting a glass substrate by CO, laser beam which has 
been proposed by the applicants 

FIG. 3 is -nn explanatory view showing a principle of a 
method for dicing a substrate in a first preferred embodiment 
according to the invention, 

FIG. 4 is an explanatory view showing a method for dicing a 
substrate in the first preferred embodiment according to the 
invention , 

FIG. 5 is an explanatory view showing an apparatus for 
dicing a substrate in a first preferred embodiment according to the 
invention, 

PIG. 6 is for a plane view (a) and a side view (b) showing a 
method for dicing a substrate in a second preferred embodiment 
according to the invention, 

FIG. 7 is an explanatory view showing an apparatus for 
dicing a substrate in a second preferred embodiment according to 
the invention, 

FIG. B is an explanatory view showing a principle of a 
method for dicing n substrate in a third preferred embodiment 
according to the invention, 

FIG. 9 is an explanatory view showing a method for dicing a 
substrate in the third preferred embodiment according to the 
invention, 

FIG, 10 is an explanatory view showing an apparatus for 
dicing a substrate in a third preferred embodiment according to the 
invention, 

PIG. 11 is for a plane view (a) and a side view (b) showing 
a substrate diced by the method in the third preferred embodiment 
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shown in FIG. 9, 

FIG, 12 is an explanatory vi«3fw shc^^ing a method for dicing a 
substrate in a fourth pr<sf<srred embodimont according to the 
invention* and 

FIG. 13 is an (Explanatory view showing an apparatus for 
dicing a mubstrate in a fourth preferred embodiment: according to the 
invfsntion . 



Before explaining ^ method and an apparatus for dicing a 
substrate in the first pr<sf<srred embodiment, the aforementioncsd 
convGntional method and apparatus will be explained in FIGS. 1 and 
2. 

In the convent^ional method for dicing a substrate, a 
substrata 101 on which a plurality of electronic circuits 1D2 are 
fonasd lengthwise and crosswise, such as shown in FIG. 1, is cut on 
th© tracks shown as one-dotted lines 103a^ 103n and 104a--' L04m, 
th@n divided into each pii2ees of devices by so called diamond 
blade dicing method or las^r scribing method. 

FIG. 2 shows a conven*&ional apparatus for cutting a glass 
substrate utilizing the latter mothod, which has been proposed by 
the applicant (Japanese Published Application no, 6-269968), it 
comprises a base 202 for setting and moving a substrate 201, a cCa 
laser 204, a guide 205 for guiding a COi laser beaa L, and a gas 
intake 206 for supplying assist gas G. 

in operation, a glass substrate 201 is set on the base 202 
by vacuuming side h and B thereof to be cut being vacuumed thereon, 
and to be moved by the base 202 in X 207^ Y 208 and 2 209 
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directions. The CO3 laser beam L is output from the CO3 laser 204, 
guided by ths guid® 205, converged by a lens Le and irradiated on 
the substrate 201. Assist gas Gr which is supplied from the gas 
intake 206 , is used for surrounding the laser beam L and bloisring off 
on the substrate 201, The base 202 is provided Tarith a groove 203 so 
that the laser beam L can penetrate the substrate 201, 'thereby the 
sasae cutting conditions are obtained during operation. A Ee»23e laser 
207 is used for indicating a spot on the substrate where the laser 
beam is irradiated « 

In the conventional method and apparatus for dicing a 
substrate, depending on an output power of the COa laser beam, 
moving rate of the substrate, prcjaswrft nf the assist gas, however, 
it is soraetiaes difficult to dice a substrate of ceramic or glass 
without genereiting undesirable cracks. 

Wien the output powtsr is high, the substrate is dices by an 
evaporation phenomenon » Ho%^verp there are many cracks generated on 
a surface, a back side and diced planes of the substrate due to 
thercial deformation, and dross on the back side thereof. In 
contrast, when the output power is low, the dicing is not possible 
due to the lack of such evaporation phenomenon. 

If the output power is to be intermediate, the substrate can 
break by breaking phenomenon, however, there are still micro--cracks 
generated on a surface, a back side and diced planes thereof, and 
about 10 ^ m of ruggedness may be observed thereono 

The moving rate of the substrate correlates with the output 
power of the laser beam« That is to say, when the output power is 
constant and the moving rate becomes low with, the above mentioned 
evaporation phenomenon occur. If the moving rate becomes high in a 
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cer^in range ^ the breaking phenoftienon occur. But if it becomes much 
higher, no more breaking phenomenon occur. These breaking or 
evaporation phenomenon also depends on the pressure of the assist 
gas, which are similar to what are observed by varying the moving 
rate of the substrate stated above. If the pressure of the gas is 
low, rhe disadvantage such as generation of cracks and dross due to 
evaporation phenomenon, are likely to be observed. But if it is 
higher above a cert.ain range thereof, breaking phenomenon are 
observed o 

Further more, when laulti-coraponent glass substrates, such as 
an alkali-free glass substrate, a borosilicate glass substrata, 
etc. are used on condition that evaporation phenomenon occur, such 
that the laser power is high and both the moving rate of the 
substrate and the pressure of the assist gas are low, etc. , large 
cracks occur on the surface, the back side and the diced pianos 
thoroof , and such cracks come into breaking. Therefore highly 
rugg@d siarfaces are likely to occur « 

On limited condition that breaking phenomenon occur, such 
that the laser po^er is low and both the moving rate of the 
substrate and the pressure of the assist gas are high, ere, the 
substrate is brcke but many similar micro-cracks are observed, 
which will gradually develop into large cracks and end up breaking 
the substrate while leaving it for a long period of time. 

In addition zo such phenomenon, it is difficult to dice the 
substrate closely following the tracks on which the laser beam is 
irradiated. For instance, the substrate imay break curvedly in part 
or as a whole, even if dicing is intended to be performed in a 
straight line . 
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The reasons for pr@v<3nting good dicing are studied by the 
invontors vie^sring from a various angle. As a result, it is found 
that it is because an energy distribution of the irradiated laser 
beam at the surface of the substrate is a narrow distribution such 
as a Gaussian distribution, fhis is why the conventional method cmd 
apparatus are designed to make a laser beam focused on the surface 
of the substrate, vrhere beam spot dianeter is minintum. In a 
conventional method and apparatus for cutting , dicing or velding 
etc., using a laser baam« it is understood that the smaller (less 
than 100 A m) the beam spot diameter is, th@ more precise cutting, 
dicing or eliding, etc., are provided. 

On the other hand, according to the invention r it is 
recognized by the inventors that having temperature distribution on 
the surface o2 the substrata moderated in a largrer area (500 ^ 
2000 ^ HI diameter) thereof and asymmetric in its dicing direction 
easily generates &r appropriate crack due to thermal stress and 
facilitates its development in such dicing direction. As a result, 
tho genersttim of micro^craeks are suppressed, and the substrate is 
diced closely tollo^B tho tracks of the laser beam. 

S3&xt«. a method for dicing & substrate in the first preferred 
embodiment will be explained in FI3. 3 and 4. 

As shown in ?ZG. 3, while a substrate 1, su^ as nonmetallic 
material substrate, is moved in the arrow direction 2 at a moving 
rate of R, a CO3 laser beam 3 is irradiated on a surface of the 
substrate. The laser beam 3 is converged by a lens 4 and focused at 
a predetermined place O between the surface of the substrate 1 and 
a rip of a nozzle of a guide 5, where the distance from the lens 4 
is F. After passing through the focus O, the laser beam 3 is 




expanded be a b@'W 3a having a beam spo^ diaraeter of S at the 
surface of the substrate 1 where a distance from the focus O is D. 

In the embodiraent, it is first raguir©d thar the laser beam 
3 is designed to b« defocused at the surface o2 th^ sxxbstrate 1^ 
preferably the disuance D is determined to have the beam spot 
diameter S of approacimately SOO-- 2000 u m, which is approximately 
8 IS mm- 

Second, it is required that a flow of assist gas Ge , Gi , 
supplied from a gas intako 6 surrounds the laser beaai 3« The assist 
gas aay include Na , Ar, air / 0^ or aijsture of such gaso The pressure 
thereof needs to be at least^ 2 Kg/cm^ . the ^r&ssJ2£s is low, 

micro-cracks occur. But the higher it is, the less miceo-cracks are 
generated and flatter dices planes are obtained, in the ombodiment, 
a continuous wave-oscillation laser beam ncstsd to be used as the 
laser beam 3. 

The output power of the laser beam correlates with the 
aoviag rat.o ef the substrate. The output powor of at least 50 W and 
the moving rato cf at least 5 ara/sec are necessary in. the 
embodiment. The value of the output power of tho laser beam is 
measured at the focus O without gas flow* Sf the value is more than 
50 W, the moving rate of the substrate may be more than 3 mm/ sec, 
for example, the moving rate is to be no less than approximately 18 
mm/ sec at the output pomr of 100 W» 

In the embodiment, as shewn in FIG. 4, a leading crack 7 due 
to thermal szress occurs and develops, which closely follows the 
track of the laser beam, then the substrate 1 breaks with the 
dicing margin width wc of zero. 

The substr-dte may include ceramic substrates/ such as 
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alumina, mullite, s-taa--it.Q, fcrsterite, «tc., jnulti-component. gless 
substrates, such as borosilieata glass, lead potassiuai 
sodiurasilicate glass, alurainosilicata glass, bariumborosilicate 
glass, «tc. and seaiconduetor substrates, such as si substrate 
having Si-oaide cladding. Substrates having the thickness of about 
several hundred/* m - several mm may be ussd in the embodiment. 

In the embed iiaent, as the laser beam is defccused, the beam 
spot diameter at the surface of the substrate is expanded and energy 
difi-iribution ^hereoJ! is moderated. Further more, as gas is blown 
Off on the substrate at constant pressure, such moderation is 
facilitated and esepended. ifcarafore, generation of strains due to 
thermal defornatian is suppressed, and generation of micro-crack are 
observed « 

Next, an apparatus for dicing a substrate in the first 
preferred embofiiaent will be explained in FIG 5, wherein like parts 
are indicated, by like reference nvaaerals as used in PIGS. 3 and 4. 
The apj^atus comprises a C0» laser device 10 for outputting (Li > a 
laser besm 3, a power source 20 gox oscillating the CO, laser device 
10, a aonitoring detector 25 for monitoring a part of the laser 
beam (la ), a lens 4 for converging the laser beast 3, a guide 5 for 
blowing assist gas G. , a setting stage 30 for setting a substrate 1 
by absorption by a VHcaum system 31, and an X-Y stage 32 for moving 
the substrate 1 in X and Y direction by a motor drive. The CO, laser 
device 10 is provided with a laser t\abe 14 having a Brewster window 
12 and an inner jcirror 13 for an output port at both ends thereof, 
respectively, a grating 15 approximately opposed to the Brewster 
window 12, and an angle adjuster 16 for adjusting the angle e of 
the grating IS inside a box 11. The laser tube 14 is sealed with a 
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Riixed gas 17 (CO, :He - 8:18:74) and both sides of which are 
provided with electrodes 18 and 19, respectively. Hich voltage is 
supplied to the electrodes 18, IS from the power source 20, to which 
a continuous wave-oscillation circuit 21 or a pulse-oscillation 
circuit 22 are selectively connected by a switch 23. The grating 15 
is used for selecting a signal light of at l<aast one wavelength by 
adjusting the angle 6 and outputting it from the inner mirror 13 

along the pass lu « 

A part ef th<& output laser beam (La ) is reflected by a half 
mirror 24 and monitored by the monitoring detector 25* An output 
signal of the monitoring detector 25 is feedbacked as a feedback 
signal 26 to the power source 20, thereby the output power of the 
laser beam is controlled as a constant value. In the (smbodimsnt, the 
output power may be controlled by controlling a temperature by 
circulating cooling water around the inner mirror 13, the lasor tube 
14, and a side, plane of the grating 15. 

2n operation, © pass U of the laser beam 3 is opened or 
closed by an optical shutter 27, which is controlled by a shutter 
switch 28. The laser beaai 3 ^ich passes through the half mirror 24 
and the pass Li is reflected by a total reflection mirror 29 and 
converged by the Ions 4 and focused at the point O. The assist gas 
GO which surro\inds the laser beam 3 is supplied and blown off on 
the substrate 1 frcara the guide 5- The laser beam 3 is expanded to be 
a beam 3a having a beam spot diameter S at the surface of the 
substrate 1. 

IR the embodiment^ as the laser beam is defocused, the beam 
spot diameter at the surface off the substrate is expanded and energy 
distribution thereof is moderated. Further more, as gas is blown 
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off on the substrate at constant pressure, such moderation is 
facilitated and expanded. Therefore, generation of strains due to 
thermal deformation is suppressed, 

Zn nhe embodiment I as described before, the grating is used 
as one side of a optical resonator in the COi laser device in order 
to change the oscillation wavelength of the laser beam by adjusting 
the angle thereof. If a signal light of at least one wavelength is 
selected and output, flatter surfaces of the dicing planes are 
obtained, and precision and reproducibility are further improved. 
Without the grating, the laser device oscillates with a wide 
spectrum distribution of 9.1 u m 11.3 u m wavelength. In this 
case, the optical mode in the beam spot S at the surface of the 
substrate is multi*mode. Therefore, nonuniform crac3cs axe generated 
and it is difficult to dice the substrate closely following the 
tracks on which the laser beam is irradiated. 

FIG • . € shows a method for dicing a substrate in a second 
preferred embodiment, which is preferably used for dicing a certain 
kind of substrate having difficulty in generating cracks due to 
thermal st^ress by simply irradiating the laser beaun, such as multi- 
component glass substrates, in the embodiment, the apparatus shown 
in FIG. 5, are used, wherein a laser beam is irradiated by driving 
the pulse-oscillation drive circuit 22, then an initial crack 33 is 
generated at one edge of the substrate 1. The pulse width thereof is 
chosen from ICC^ sec ^ 2 msec, repetition speed is 50 pps 1 
kpps. Kex^t, assist gas GO (Ks , its pressure of more than 2 Kg/cm- ) 
is supplied, then the pulse -oscillation drive circuit 22 is switched 
to the continuous wave-oscillation drive circuit 21 by the switch 
23. The laser beam Is traced from one side of the substrate 1 to 
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the other, the initial crack 33 is developed into a leading crack 
34, and break. 

According to the embodiment, dicing speed is 1.2 l.S 
times as high as that in the method shown in FIG. 4. It is 
preferable that the initial crack is created by making the beai?. spot 
diameter as narrow its possible. This improves the straightness of 
the leading crack by the following continuous wave-oscillation. 

FIG. 7 shows an apparatus for dicing a substrate in the 
second preferred embodiment, wherein like parts are indicated by 
like reference numerals as used in FIG. 5. In tho embodiments many 
parts and circuits are automatically operated by a personal computer 
35 « Alignment marks (not shown ), such as lines or dots, are 
provided on the surface of th@ substrate 1, whereby information of 
dicing position is detected by a CCD camera 36. Then, the 
information is processed by &n image processing circuit 37, and 
input to the personal computer 35 and calculated. Output signals a^ 
br c and d of the personal ceiaputer 35 are input to the shutter 
drive circuit 38, the gwitch 23, an eleetroaagnetic valve for gas 
supply 3 9 and a control lor 4,1, respectively. According to the 
embodiment, automatic and labor-saving operation is r<salized and 
reproducibility and reliability are iiaproved. 

FIGS. 8 and 9 show a method for dicing a s\ibstrare in the 
third preferred embodiment/ vtorein like parts are indicated by like 
reference numerals as used in FIGS. 3 and 4. In the embodiment/ 
the laser beam 3 is converged by the lens 4 and focused at the point 
O inside the guide 5. 

In the embodiment, it is first required that the laser beam 
3 is designed to be defocused at the surface of the sxibstrate 1, 
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preferably the distance D is de-terminod to have the beasi spot 
dlaaeter S of approximately 500 — 2000 re, which is 
approximately S 16 ma. 

Second, it is required that a flow of assist g&s & , Gi , Ga 
supplied frcin the gas intake 6 surrounds the laser beam 3. in this 
case^ it is iiapcrtant that the tip of the nozzle 5aa (an inside 
diameter of which is 1.5 mm ^ 2 mm) of the guide 5 is closely 
disposed in the vicinity of the surface of the substrate !• The 
distance H is determined as at least 5 mm. in this arrangement, 
optical energy distribution inside the beaa spot diaaeter S becomes 
almost flat. In addition to that, as the tip of the noszle Saa is 
so close to the surface of the substrate 1 that much less gas 
pressure, i.e. gas flow rate, is required, then energy and cost 
saving operation is realised. The assist g&s may include , Ar, 
air, Oj or mixture of such gas. The pressure thereof needs to be at 
loast 0o5 Kg/cm^ , but it is quite lower than 2 SCg/cm* required in 
the first preferred embodiment when the distance B is 10 sra. Further 
more, such arrangemont keeps not only the laser beam 3 cleem in the 
environment: but also the surface of tho substrate 1 dry and clean, 
then a clean and uni.form operation is realized. The gas pressure 
becomes higher, the less micro-cracks are generated and flatter 
diced planes are obtained. In the embodiment, a continuous wave- 
oscillation ia.ser beam need to be used as the laser beam 3. 

The output power of the laser beam, the snoving rate of the 
substrate, and the selection of the oscillation wavelength of the 
laser beam is also preferably considered in the sane manner as in 
the first preferred embodiment. The output power of at least 50 W 
and the moving rate of at least 5 mm/ sec are necessary in the 
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embodiment* The value o£ the output power o£ the laser beam is 
measured at the focus 0 without gas flow* In the eRibodiroent , as 
shown in FIG« 9^ a leading crack 7 due to thennal srress occurs and 
develops by closely following the txack of the laser beam, then the 
substrate 1 breaks with the dicing margin width Wc of zero. 

FIG. 10 shoves an apparatus for dicing a substrate in the 
third preferred embodiments wher<sin like parts are indicated by 
like roferoneo numi^r^ils as used in FIG. 5. In tho embcdiment, the 
focus O of the laser beara 3 is positioned inside the guide 5« which 
is the difference from the apparatus shown in FIG* 5. 

FIG* 11 shows a method for dicing a substrate in the third 
preferred embodiment using the apparatus shown in FXG. 10, which is 
preferably used for dicing a certain kind of substrate having 
difficulty in generating cracks due to thermal stress by tracing 
th<s laser beam, such as an alkali-free glass substrate ^ a 
borosilicate glass substrate, etCo dSow referred to WIQS. 9 and 10, a 
lasor beam is irradiated by driving the pulse-oscillation drive 
circuit 22, ^hen an initial crack CI is generated at one edge of 
the substrate 1 (thickness t & 1.1 ssi). The pulse width thereof is 
chosen from 100^ sec ^ 2 mseci repetition speed is 50 pps ^ 1 
kpps. ssext, assist gas G« (Na , its pressure of ^ore than 0*5 
Kg/cm' } is supplied and the pulse-oscillation drive circuit 22 is 
switched to the continuous wave-oscillation drive circuit 21 by the 
switch 23. The laser beam (the output power of which is 60 W at 
point O) is traced from one side of the substrate i to the other at 
a constant rate (10 sun/sec), the initial crack 33 is developed into 
a leading crack 34, and break. 

If the distance B between the tip of the nozzle 5aa and the 
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surface of the substrate 1 is kept constant,, which is about 5 mm* in 
this case, the widtih M of the gas blown on the surface of rhc 
substrate 1 becomes narrow ( less than 3 ma), and the leading crack 
C2 develops closely following the track of the laser beam 3a. The 
wid-th becoaes wider « the straightness of the leading crack C2 and 
the verticality of rhe edge become worse. Therefore it is impcrtant 
that the distance E is at least 5 mxn. It is preferable that the 
initial crack CI is created by making the beani spot diameter as 
narrow as possible. This improve t.he straightness of the leading 
crack by the following continxious wave-oscillation* The substrates 
of alkali*-free glass having a thickness t of 0.7 xnm*^ 2.2 imn are 
diced. 

FIG. 12 shows a method for dicing a substrate in the forth 
preferred embodiment, wherein like parts are indicated by like 
reference numerals as used in FIG. 3. The difference from the first 
preferred eabodimen't is that the direction of irradiating laser beam 
is inclined by ^ from the normal of the stibs^rate 1. and the 
substrate 1 is moved in the incline direction 2a. That is t:o say, if 
the laser beam 3a is irradiated in vertical direction, the 
5ubst.rate 1 may be inclined by ^ from 90* against the irradiation 
direction, and moved in the inclined direcrion. Or if noving the 
substrate horizontally, the laser beam 3a which is inclined by ^ 
against the vertical direction is irradiated. 

In the enboUistent, as Lhe laser bean 3a is inclined by ^ 
against the moving direction of the substrate, energy distribution 
becomes sharp in the direction. That leads the development of a 
leading crack dxie to thermal stress just tov/ard the moving direction 
of the substrate 1. Therefore, dicing follows the track of the 
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laser beam so closely that it is suitable £or good straight dicing 
cper&tion. The laser beam is inclined against t.he substrate by 
angle 4 , the beam spot becomes alwost elliptic* The distance D need 
to be determined so that the long axis o£ the elliptic beam spot Sa' 
is 500 u m ^ 200 Q u m long. In this case, the distance D is to be 
€ izim 14 mm. The cas pressure is at least 1 Kg/cst* • if it is low, 
micro-cracks occur. The higher it is, th© flatter dicing edges are 
obtained* However, if it is too high (75 Kg/cm»)/ optical onergy 
decreases inside thci beam spot and dicing becomes difficult. It is 
preferable to use a continuous Tsrave-cscillation laser beam. 

The output poller of the laser beam, the moving rate of the 
substrate, and the selection of the oscillation wavelength of the 
las(sr besuD is also preferably considered in the same manner as in 
the first preferred efubodiment. 

The inclination ^ is preferably from sevesral to over ten 
degrees. Xn this range, the larger it is, the wider process 
conditions are obtained, if it is too sm&ll, the directional 
development of the leading cracR becomes weaK. in contrast/ if it 
is too large, energy distribution becomes so sharp that micro- 
cracks are induced on the edges, which requires another mechanical 
structure to move the substrate with inclination ^ and makes the 
apparatus complex. 

FIG. 13 shew an apparatus for dicing a substrate in the 
fourth preferred esabodiment. wherein like parts are indicated by 
like reference numerals as used in FIG. 5. In the embodiment, the 
difference from the first preferred embodiment is that setting 
stage 20 is inclined by ^ in X direction, and moved by the X-Y-2 
stage 50. In this case, the laser beam is irradiated with the 
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constant distance D. 

In operation/ the setting stage 30 « on which the substrate 1 
is absorbed by th^ vacuxin system 31^ is moved in -X and -Y 
directions by the X-Y-2 stage 32. The laser beam is irradiated and 
the gas is biown off - The substrate 1 is diced ina direction. 

Kow, some examples according to the fourth preferred 
embodiment shown in FIG. 13 are explained below, but it is 
understood that the invention is not limited by these figures. 

(EXAMPLE 1) 

An alumina substrate of 1 mm thick « 150 mm long and 50 mm 
wide is used. The substrate is inclined by 5* and moved at the 
moving rate of 8 mm/sec in a direction. The output power of the 
laser bea^i of 80 the distance F of 25.6 mm are set, and the 
distance D and the pressure of the assist gas GO is varied. As a 
result, dicing is possible within the distance D of 8 mm ^ 14 mm 
without micro-cracks « The gas pressure is preferably 1 Kg/ cm' 3 
Kg/cm* • 

(EXAMPLE 2) 

The moving rate of the substrate is varied within 6 mm/ sec 
10 mm/sec under the same conditions as EXAMPLE 1. Almost good 
dicing results are obtained. But if the moving rate becomes high, 
larger D is necessary, and if it becomes low, smaller D is 
necessary . 

(EXAMPLE 3) 

The inclination 0 is varied within 3 * 15 * under the 
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same conditions as EXAMPLE 1. The inclination ^ becomes l&rge, 
higher gas pressure is necessary^ but the limits of dicing process 
conditions, such as gas pressure, moving rate of the substrate and 
distance D, are expanded* 

(EXAISPI£ 4) 

Alumina substrates and roullite stzbstrates of 0.5 
thick are used under the sanie condition as EXAMPLE 1. The result is 
good, but the output power of the laser beam is to be increased from 
50 V to 140 W maximum due to the thickness of the substrate. The 
moving ra^e of the siibstrate is within 5 mm/ sec 28 inm/s€kC« 

(EXAMPLE 5) 

Alkall-free glass substrates and borosilicate glass 
substrates of 0.7 mm 1,1 mo thick are used under the same 
condition as EXAMPLE 1, Flat surfaces without micro— cracks are 
obtained at the edge. 

As well explained above, the invention provides advantages 
set out. below. 

(Da laser beam is focused above a substrate in a certain 
distance so that a defocused laser beam is irradiated on the 
sxirface of the substrate, and a gas is blown off thereon at cerrain 
constant pressure during dicing* Therefore, the generation of micro- 
cracks are suppressed and flat diced planes are obtained - 

{2> a pulse-oscillation laser bean is irradiated and an 
initial crack is intentionally generated at one edge of the 
substrate. Starting from the initial crack, a continuous wave- 
oscillation laser beam is traced from one side the other. Then the 



initial crack 33 is developed into a leading crack, and break. It is 
useful fpr dicing a certain substrate having difficulty in 
generatin9 cracks due to thermal stress by tracing the laser beam^ 
such as mulri«*coaponen^ glass substrates. 

(3) a defocused laser beam is irradiated on the inclined 
surface cf a subs'tra^e. Therefore^ dicing closely follows the 
tracks of the laser beaci« 

Although tho invention has been described with respect t.o 
specific eribodiment for complete and clear disclosure, the appended 
claims are not to be thus limited but are to be construed as 
embodying all modification and alternative constructions that may 
be occur to one skilled in the art vrhich fairly fall within the 
basic teaching here is set forth. 
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CLAIMS 

1. A ^thod for dicing a subsl:ra^e, coaprising: 
g@neraring a laser beara? 

flowing a gas by which said laser beam is surrounded ; 

moving a substeaee ' rela^vely against said laser beairi; and 

dicing said substrat^i by irradiating said laser beam; 

wherein said laser beam is focused abo^'^ said substrate at a 

predetermined distance so that a def ocused laser beam is irradiated 

on the surface o£ said stibstrate, and a pressure of said gas is 

kept censtant.. 

2. A method £or dicing a substrate, according to claim 1, 

vihereins 

said gas is guided by a guide at the pressure c2 least 2 Kg/cm' ; 
and 

said laser b^aa is a CCh laser beaa which is focused beween the tip 
o2 said guide and said substrate and at least 8 mm high from said 
substrate . 

3. A method ios dicing a substrate, according to claim 1, 

vherain: 

said gas is guided by a guide at the pressiire of least 0.5 Kg/ cm' ; 

said laser beam is a CO, laser beam which is focused inside said 
guide and at least 6 mm high from said substrate. 

4. k method for dicing a substrate, according to claim 2, 

wherein; 

said guide is positioned so that the tip thereof is at least 5 mm 
far from the surface of said substrate. 

5. k method for dicing a substrate, according to claim 2, 
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wherein: 

said COi laser Ideem Ls a continuous wave-oscilletion laser beam. 

6. A method for dicing a substrate, according to claim 2, 

wherein: 

an output power of said CQi laser beam is at least 50 W and a moving 
rate of said substrate is ar least 5 mm/sec. 

7. A method for dicing a substrate, coznprising: 
generating a pulse-oscillation laser beam; 

irradiating said pulse-oscillation laser beam at one side of a 
static substrate without a gas flow so as to general^e an initial 
crack; 

generating a continuous wave-oscillation laser beam; 

flowing a gas by which said cont:inuous wave-oscillation laser beam 

is surrounded ; 

moving said substrate relatively against said continuous wave- 
oscillation laser beam; and dicing said substrate by Irradiating 
said continuous wave*oscillatlon laser beam so as to develop said 
initial crack into breaJc; 

wherein said laser beam is focused above said substrate at a 
predetermined distance so that a defocused laser beam is irradiated 
on the surface cf said substrate, and a pressure of said gas is 
kept constant. 

8. A method for dicing a substrate, according to claim 7. 
wherein: 

said substrate Is a multl-coo^nent glass substrate. 

9. A method for dicing a substrate, comprising: 
generating a laser beam; 

flowing a gas by which said laser beam is surrounded ; 



2 .3 

moving a substrate relatively against said laser beam with a 
predetermined inclined angle; and 

dicing said substrate by irradiating said laser beam; 
wherein said laser bean is focused above said substrate at a 
predetermined distance so that a defocused laser beaw is irradiated 
cn the surface of said substrate, and a pressure of said gas is 
kept constant. 

10. A ae-ihod for dicing a substrate, according to clairo 9, 
wherein : 

said predetermined distance is at least 6 sm, and said pressure of 
said gas is at least 1 Kg/esP • 

11 • A mtsthod for dicing a substrate, according to claim 9, 
wherein: 

said laser beam is irradiated in vertical direction, and said 
substrate is inclined by said predetermined angle .against said 
vertical direction. 

12. A method for dicing a substrate, according to claim 9, 
wherein : 

said substrate is moved intermptedly but at moving rate of at least 

13- An apparatus for dicing a s\3bstrate, comprising: 
a laser source for aut:putting a laser beam; 

»eans for monitoring a part cf said output laser beaa and outputting 
an output signal ;Mans for feedbacking said output signal from said 
aonitoring means to said laser source; 

means for converging and focusing said laser beam above a subs-irate; 
a guide for flowing a gas by vrtiich said laser bean is surrounded; 
a setting stage for setting said substrate; and 



a noving stage which is move in at: least one direction for 
irradiating said laser bsam on a track cf dicing. 

14. An apparatus for dicing a substrate, according to claim 
13/ whorsins 

said laser beaoi is a COj laser beam^ and an optical shutter is 
provided between an output port of said laser source and said 
converging and focusing sieans. 

15. An apparatus for dicing a substrate, according to claim 

13, vfhereins 

said laser source is provided with a switch for changing a pulse- 
oscillation to continuous vrave**oscllIation, 

16. An apparatus for dicing a substrate / comprising: 
a leiser soxirce for outputting a laser beam; 

A<sans for monitoring a part of said output laser bean and outputtijng 
an output signal jmeans for feedbacking said output signal from said 
monit,oring mesne to said laser source? 

moans for converging and focusing said laser beaei above a substrate; 
an optical shutrer positioned between an output port of said laser 
source and said converging and focusdLng means; 

a guide for flowing a gas by which said laser bean is surrounded; 
a setting stage for setting said substrate; 

a moving stage which is move in at least one direction for 
irradiating said laser beam on a track of dicing? 
means for visually Dionitoring a dicing position on said substrate 
and outputting a signal; and 

means for controlling said moving stage to moved said substrate at a 
predeterr.ined position r an outpur power of said laser source, said 
optical shutter and said gas flow according to said output signal. 



17. An apparatus for dicing a substrate^ according to clain 
IB, wherein: 

said substrate is provide with ar least one alignmenr mark on a 
surface thereof to be monitored by said visually monitoring means, 

18. An apparatus for dicing a substrate, comprising: 
a laser source for outputting a laser beam; 

means for monitoring a part of said output laser beam and outputting 
an output signal ;taeans for feedbac)cing said output signal from said 
monitoring means to said laser source; 

means for converging and focusing said laser beam above a substrate; 

a guide for flowing a gas by whic* said laser beam is surrounded; 

a setting stage for setting said substrate relatively against said 

laser beam with a predetermined inclined angle? and 

a moving stage which is move in at least one direction along said 

inclined surface for irradiating said laser beam on a track of 

dicing* 

19. An apparatus for dicing a substrate, according to claim 
18, herein: 

said laser source is provided with a switch for changing a pulse- 
oscillation to continuous wave-oscillation. 

20, An appararas for dicing a substrate, according to claim 
12 f wherein: 

said substrate is provide with at least one alignment nark on a 
surface thereof to be monitored by said vistially monitoring neans. 
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